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Generally, different food preservation techniques, e.g., 
freezing, addition of chemical preservatives, salting, and 
smoking have been widely used to enhance safety and 
shelf-life of seafood products (Anvari et al., 2013; Oreai 
et al., 2010). Salting and smoking are the most usual 
methods in developing countries to preserve up to 70% of 
the total fish catch (Anvari et al., 2013). However, using 
the current traditional preservation methods decrease 
nutritional value of the product due to high degree of lipid 
oxidation (especially polyunsaturated fatty acids) during 
heating and brining process (Anvari et al., 2013; Stolyhow 
et al., 2006). Furthermore, there is increasing concerns 
among consumers about using chemical preservatives in 
foods and seafood and their possible adverse health 
effects. Thus, there is a great deal of interest in searching 
for new technologies and efficient preservation methods 
which permit shelf-life extension of seafood or fishery 
products. 
In the last decade, much attention has been given to 
presence of lactic acid bacteria (LAB), as a novel 
biopreservative, in food products. LAB are the 
microorganisms that food companies have used for many 
years for making diverse processed foods. It has been 
demonstrated that the preservative efficacy of this group 
of bacteria can be related to the antimicrobial action of 
bacteriocins as well as metabolites (e.g. hydrogen 
peroxide and lactic acid) produced by LAB (Caplice & 
Fitzgerls, 1999). Nisin is the most widely recognized 
bacteriocin of antimicrobial proteins produced by the 
LAB. This bacteriocin has 34 amino acid residues with a 
molecular mass of 3.5 KDa and is produced by certain 
strains of Lactococcus lactis (Suganthi, 2012). Recently, 
it has been suggested that nisin can be used as a suitable 
biological food preservative in processed foods (e.g. 
cheese, dairy, and meats) during production to develop 
their shelf-life by suppressing Gram-positive spoilage and 
pathogenic bacteria, especially, Clostridium species 
(Hansen & Liu, 1990). Moreover, it is non-toxic with high 
digestibility in human body (Suganthi, 2012). However, 
to the best of our knowledge, using nisin as a 
biopreservative agent in the fish industries is not 
extensively developed. 
Rainbow trout (Oncorhynchus mykiss) is one of the main 
farmed fish in Iran. The demand for this fish in Iran and 




The objective of this study was to investigate influence of nisin on safety and shelf-life of filleted rainbow 
trout (Oncorhynchus mykiss) through 16 days storage at 4oC by biochemical and microbial assessments. 
The obtained results revealed that nisin treated samples had lower (P<0.05) biochemical (peroxide value, 
thiobarbituric acid-index, pH, free fatty acids, and total volatile base nitrogen) and bacteriological (total 
viable counts and lactic acid bacteria) spoilages compared with the untreated fillets throughout of 
storage, which can be related to bactericidal and antioxidant activity of the nisin. However, total volatile 
base nitrogen and total viable count values exceeded above the acceptability on day 8 and 12 of storage 
for the samples treated without and with nisin, respectively. The results of this study according to 
biochemical and bacteriological data indicated that nisin enhanced the quality and shelf-life of filleted 
rainbow trout from 4 to 8 days during storage at 4oC.  
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other countries markets has grown impressively through 
the last decade because of its high quality (taste, aroma, 
white flesh) and nutritional value (Oreai et al., 2010) 
However, rainbow trout, similar to other fresh fish, has 
higher perishable nature compared to red meats and 
chicken. Therefore, using suitable preservative methods 
would be necessary to keep its economic value. Generally, 
in Iran, rainbow trout is usually supplied and stored (4oC) 
as a gutted or filleted fish (with or without vacuum 
packaging) in retail centers and supermarkets. In this 
regards, in our previous work, we considered effect of 
nisin as a biopreservative agent on fish quality of gutted 
rainbow trout under vacuum packaging and storage at 4oC 
(Behnam et al., 2013). The obtained results mentioned 
that treatment of the gutted fish with nisin led to shelf-life 
enhancement and spoilage reduction in rainbow trout. In 
the current study, we aimed to investigate influence of 
nisin on shelf-life and quality of filleted rainbow trout 
during 16 days storage at 4oC without vacuum packaging. 
2.  Materials and methods 
2.1. Sample preparation   
30 farmed rainbow trout (O. mykiss; average weight and 
length: 300 ± 20 g and 27 ± 1.4 cm, respectively) were 
purchased from a fish farm in the north of Iran. The fish 
were manually gutted, washed by tap water and then, 
filleted at room temperature (20 ± 2oC). The average 
weight of fillets was 100 ± 5 g.  A stock solution (0.2% 
w/w) of nisin (Serva- Nurk, produced from Lactococcus 
lactis, Art number: 30413) was prepared through 
dissolving it in 0.02 N HCl (pH 5) and then, sprayed on 
the fillets until whole sample became wet. Control group 
were only sprayed with distilled water. All treated and 
control samples were packaged in barrier pouches (100 g 
per pouch) at room temperature (20 ± 2°C). The pouches 
consisted of a Polyvinylidene Chloride (Novin plastic, 
Tehran, Iran) plastic film and then stored at4 ± 0.5°C for 
16 days. Three bags of each treatment (n = 3) were drawn 
randomly at regular intervals (0, 4, 8, 12, and 16 days) and 
subjected to biochemical and microbial analyses.  
2.2. Biochemical assessments   
The peroxide value (PV) was measured in the total lipid 
extracts according to the method of Pearson (Egan et al., 
1997). All measurements were performed at least in 
triplicate and results were expressed in meq O2 /kg 
muscle. 
Thiobarbituric acid index (TBA-I) was measured by 
Kilinc et al. (2007) method. All measurements were 
performed at least in triplicate and results were expressed 
in mg malondialdehyde (MDA)/kg fish flesh. 
Free fatty acid (FFA) content of the samples was 
determined using Kirk & Sawyer (1991) method. All 
samples were analyzed at least in triplicate and the free 
fatty acid content was expressed as percent of oleic acid. 
The pH measurement was carried out using a model 
Multiline P4 WTW (Singapore) digital pH meter at room 
temperature. Fish muscle (2g) was homogenized 
completely with 10ml of distilled water and the 
homogenate was subjected to pH determination according 
to the method of Masniyom et al. (2005). All samples 
were analyzed at least in triplicate. 
Total volatile basic nitrogen (TVB-N) value was 
determined by the Goulas & Kontominas (2005) method.  
All samples were analyzed at least in triplicate and the 
TVB-N value (mg N/100 g of muscle) was measured 
according to the sulphuric acid consumption. 
2.3. Bacteriological assessments 
10 g of skinless fish flesh was taken, then mixed with 90 
ml of 0.1% peptone water, and finally, homogenized in a 
stomacher (Lab Blender FR 602, Fater Rizpardaz, Tehran, 
Iran) for 1 min. In all cases, serial dilutions from the 
microbial extracts were prepared in 0.1% peptone water. 
Enumeration of total viable counts (TVC) was determined 
on Tryptic soy agar (TSA, pH 7.3, Merck VM267758 425, 
Darmstadt, Germany) after 2 days incubation at 35 °C 
(Kilinc et al., 2007; Arashisar et al., 2004). Lactic acid 
bacteria (LAB) were enumerated on de Man Rogosa and 
Sharp agar (MRS, pH 6.2, Quelab, 879843, Montreal, 
Canada) incubated anaerobically at 30°C for 2 days 
(Hampikyan & Ugur 2007). Bacteriological data were 
transformed into logarithms of the number of colony-
forming units program (log cfu/g). All samples were 
analyzed at least in triplicate. 
2.4. Statistical analysis  
Data analysis was conducted using one-way analysis of 
variance (ANOVA). Normal distribution and 
homoscedasticity was evaluated using Colmogorov-
Smirnov and Leven test, respectively. All statistical 
analyses were tested at the 0.05 level of probability, using 
the software SPSS 11.5 for windows. Data were analyzed 
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3. Results and discussion 
3.1. Biochemical spoilage assessments  
Lipid oxidation and hydrolysis products are known as the 
main cause of a shortened shelf-life of fish and fish 
products and they can be evaluated by PV, TBA-I and 
FFA (Jasour, 2011). The changes of peroxide value, 
which is an indicator of the primary lipid oxidation and is 
the most common measure of lipid hydroperoxides, are 
shown in Fig. 1. The initial PV values (0 day) for the 
control and treated samples were 1.23 and 1.2 (meq O2/kg 
muscle), respectively. This result is in agreement with 
those obtained for farmed rainbow trout (Rezaei & 
Hosseini, 2008) and Coho salmon (Aubourg et al., 2005) 
during chilled storage. At initial stages of storage, which 
is named as slow oxidation period, some intracellular 
energy sources such as ATP offering electrons whereby 
presenting antioxidative properties and as soon as these 
energy sources are consumed, slow oxidation period ends 
up followed by a steep increase in peroxide content 
(Layrisse & Matches, 1984). The current phenomenon 
can probably, justify significant increase (P<0.05) in the 
PV values for both fish groups during storage in this 
study. The higher level of peroxides in the controls might 
have accelerated oxidation, as lipid hydroperoxides will 
be decomposed to reactive alkoxyl radicals in the 
presence of heme iron or trace metals. In contrast, 
antioxidant activity of nisin in the treated fillets reduced 
lipid oxidation (P<0.05) throughout of storage, 
presumably due to metal ion chelating or scavenges of 
reactive oxygen species (Lin & Yen, 1999). By the end  
 
Figure 1. Changes in PV content of filleted rainbow trout 
treated with or without nisin during 16 days storage at 4oC 
 
 
Figure 2. Changes in TBA-I content of filleted rainbow 
trout treated with or without nisin during 16 days storage 
at 4oC 
 
of preservation period (16th day), the peroxide content of 
all samples remained within the acceptable range (up to 
10-20 meq O2/kg muscle) for human consumption 
(Lakshmanan, 2000). TBA-I is widely used as an 
indicator of secondary lipid oxidation (Rezaei & 
Hoseeini, 2008). The higher TBA-I value of seafood 
products has been associated with lower consumer 
acceptance for these products (Ke et al., 1984). Ke et al. 
(1984) suggested three levels of TBA-I content for 
seafood products: (i) below 0.58 mg MDA/kg as fresh, (ii) 
0.58–1.51 mg MDA/kg as slightly rancid, but acceptable, 
and (iii) above 1.51 mg MDA/kg as entirely rancid. 
According to this and despite of significant increase 
(P<0.05) in the TBA- I values of all samples (Fig. 2), the 
obtained values at the end of storage (16th day) remained 
in the range required for human consumption. The TBA- 
I values for the controls were significantly higher 
(P<0.05) than those of the treated fish indicating oxidative 
rancidity was relatively low in treated groups throughout 
of storage at 4oC. However, it is important to note that 
TBA- I values may not exhibit the real degree of lipid 
oxidation because of possible interaction of 
malonaldehyde with other components (e.g. amines, 
nucleosides and nucleic acid, proteins, and phospholipids) 
of fish body (Auburg, 1993).  
Lipid hydrolysis decreases shelf-life of oily fish (e.g., eel, 
herring, and rainbow trout) (Jasour et al., 2011; Hamre et 
al., 2003; Morzel & van de Vis, 2003). From Fig. 3 it can 
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all samples throughout of storage at 4oC (Fig. 3). Initial 
values ranged from 0.75 to 0.71 (expressed as % of oleic  
 
Figure 3. Changes in FFA content of filleted rainbow 
trout treated with or without nisin during 16 days storage 
at 4°C. 
 
Figure 4. Changes in pH of filleted rainbow trout treated 
with or without nisin during 16 days storage at at 4°C. 
 
acid) while final values ranged from 2.79 to 2.15 for the 
control samples and those treated with nisin, respectively. 
Similarly, Kolakowska et al. (2006) and Rezaei & 
Hosseini (2008) reported the FFA content of 2.35 and 2.30 
in whole fish of rainbow trout after 14 and 16 days chilled 
storage. These results indicated that there was a 
relationship between FFA release and loss of freshness 
(Özogul, 2005). Lower FFA content of the treated 
samples in compare with the controls (P<0.05) suggested 
that the presence of nisin reduced possibility of lipid 
hydrolysis process in the filleted rainbow trout.  
The pH is one of the most critical factors in preventing 
microbial growth and spoilage of foods and seafood 
(Anvari et al., 2013).  The pH of live fish muscle is close 
to 7.00, however, chilled fish pH can be varied from 6.0  
to 6.5 depending on fish species and other factors 
(Simeonidou, 1998). Fig. 4 shows pH changes of all 
samples during 16 days storage at 4oC.  As shown, initial 
pH of the control and treated fillets were 6.46 and 6.45, 
respectively, which were in agreement with previous 
findings (Jasour et al., 2011; Tokur et al., 2006). The pH 
values increased to 6.50 (P>0.05) by the end of the storage 
period for the controls (Fig. 4), indicating production of 
trimethylamine and other volatile bases from the bacterial 
spoilage (Sallam et al., 2007). Comparison of the pH 
values did not show any significant difference (P>0.05) 
between two groups, however, lower values in the treated 
samples could be related to inhibition of bacterial spoilage 
and less production of basic amines caused from 
antibacterial activity of the nisin. 
TVB-N is one of the most widely used methods to 
estimate the degree of decomposition of fish.  TVB-N 
concentrations of fillets treated without or with nisin are 
shown in Fig. 5. At the beginning of storage, the TVB-N 
value was 10.10 mg/100 g muscle in both kinds of 
samples, which was similar to those reported by Gimenez 
et al. (2002) and Arashisar et al. (2004), who considered 
quality of filleted rainbow trout packaged in vacuum and 
gas mixture conditions stored at 1 and 4oC, respectively. 
The TVB-N values increased (P<0.05) to 45.54 and 38.33 
mg TVB-N/100 g muscle for the controls and treated fish 
by the end of the storage, respectively, indicating 
deamination of amino-acids, formation of NH3, and other 
volatile amines through activity of spoilage bacteria and 
endogenous enzymes during preservation (Arashisar et 
al., 2004). Statistical analysis showed significant 
differences (P<0.05) between two groups of filleted 
samples during storage (except day 0), where lower TVB-
N were obtained for those treated with nisin, probably due 
to inhibitory effect of nisin on bacteria activity and 
consequently, less bacterial decomposition of fish flesh. 
Given that no limit for acceptability of rainbow trout has 
been determined by Decision 95/149 (EU, 1995), 
Gimenez et al. (2002) recommended a value of 25 mg 
N/100 g muscle as the highest acceptable level. In our 
study, TVB-N values were exceeded from acceptable 
value on day 8 and 12 of storage for the filleted rainbow 
trout treated without and with nisin, respectively. Based 
on the results obtained from this study, TVB-N can be 
used as a suitable indicator of rainbow trout spoilage, as 
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Figure 5. Changes in TVB-N content of vacuum 
packaged rainbow trout treated with or without nisin 
during 16 days storage at 4oC. 
 
3.2. Bacteriological spoilage assessments  
Bacteria are one of the main cause of spoilage in the most 
seafood products. During storage, the microbial flora 
changes because of different abilities of the bacteria to 
tolerate the storage conditions (Gram & Dalgaard, 2002). 
In the present study, bacteria counts on the control and 
nisin-treated samples preserved at 4oC are shown in Fig. 
6. Despite it is widely accepted that the initial microbial 
load of freshwater fish changes depending on water 
conditions and temperature, most of works on different 
freshwater fish species (tilapia, striped bass, rainbow 
trout, and silver perch) recommended bacterial counts of 
102–106 cfu/g (Chytiri et al., 2004). Low initial TVC 
values of 3.15 and 3.10 log cfu/g in the filets treated 
without and with nisin, respectively (Fig. 6a) indicated 
initial quality of samples were good. The initial total 
viable counts of filleted rainbow trout found in the present 
study were similar to those measured for gravad vacuum 
packaged rainbow trout (Lyhs et al., 2001). The TVC of 7 
log cfu/g has been used to determine the end of microbial 
shelf-life of fresh fish (ICSMF, 1986), while Mohan et al. 
(2008) recommend 3 × 106 cfu/g. In this study, an 
arbitrary value for TVC of 7 log cfu/g was taken for the 
upper acceptability limit of fresh filleted rainbow trout. 
The TVC values in all samples increased (P<0.05) with 
storage time and met the upper limit on day 8 and 12 for 
the control samples and treated ones, respectively. This 
result can explain enhancement of the TVB-N values and 
their exceeding from acceptable range for human 
consumption during 16 days storage at 4oC (Fig. 5).  
 
Figure 6. Changes in (a) TVC and (b) LAB counts of 
filleted rainbow trout treated with or without nisin during 
16 days storage at 4oC 
 
Comparison between two groups revealed that total viable 
counts in the nisin-treated fillets were lower (P<0.05) than 
those of the controls, presumably, due to antibacterial 
activity of the nisin. Nisin is active against Gram positive 
bacteria including bacterial spores, but it is not generally 
active against Gram negative organisms, such as yeasts 
and fungi (Hampikyan & Ugur, 2007).  This can justify 
increasing trend of the TVC values through storage in the 
treated fillets.  
Lactic acid bacteria (LAB), as Gram-positive and 
facultative anaerobic bacteria that can grow under both 
anaerobic and aerobic conditions (Jay, 1986). Mexis et al. 
(2009) suggested that LAB were part of the natural 
microflora of fresh rainbow trout fillets. As exhibited in 
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treated without and with nisin were 2.02 and 1.95 log 
cfu/g, respectively, which were in general agreement with 
those reported for sliced and filleted rainbow trout stored 
under refrigeration condition (Lyhs et al., 2001; Mexis et 
al., 2009). The LAB counts in the control samples showed 
increasing trend (P<0.05) and reached to 5.71 log cfu/g at 
day 16, while slight increase (P>0.05) was observed for 
the fillets treated with nisin. Basically, the antibacterial 
activity of nisin is based on pore formation in the 
cytoplasmic membrane of target bacteria (mainly 
psychrotrophic Gram-positive bacteria) through 
dissipation of the proton motive force, which resulting in 
an efflux of low molecular-weight solutes, such as amino 
acids and potassium ions (Hampikyan & Ugur, 2007). 
This finding probably can explain non-significant changes 
in the LAB counts of the nisin treated fillets. 
 
4. Conclusions 
The obtained results revealed that the filleted rainbow 
trout was better preserved under treatment with nisin, 
maintaining lower (P<0.05) biochemical indices (PV, 
TBA- I, pH, FFA and TVB-N) through 16 days storage at 
4oC in compare with those of the controls.  However, the 
TVB-N values were met the upper limit of acceptability 
for human consumption after 8 and 12 days storage for the 
fillets treated without or with nisin, respectively. The 
results of bacteriological assessments (TVC and LAB) 
were in close agreement with the biochemical findings, 
where the control samples exhibited more microbial 
spoilage (P <0.05) and the TVC values were reached to 
above the recommended values at day 8 and 12 of storage 
for the fillets treated without or with nisin, respectively. 
Generally, it can be concluded that the quality of the 
filleted rainbow trout could be extended from 4 to 8 days 
through treating with nisin. This probably related to 
bactericidal and antioxidant activity of the nisin. 
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